ABSTRACT: Stocks of walleye pollock Theragra chalcogramma collected from: (i) the Sea of Japan (off Rebun Island and Kumaishi); (ii) the Pacific coast (off Shikabe and eastern Hokkaido); and (iii) Nemuro Strait off Hokkaido, northern Japan, were examined for anisakid nematodes during December 1999 to February 2000, and the prevalence and abundance of Anisakis simplex and Contracaecum oscula tum larvae were compared among the various sampling sites for fish of the same size and age. Anisakis simplex was generally more abundant than C. oscula tum. Infection by A. simplex varied between the aforementioned stocks of walleye pollock as well as within stocks, whereby fish from off Rebun Island and Nemuro Strait were infected the most, followed by those from off the Pacific coast and Kumaishi. Infection by C. oscula tum differed between the host stocks, and C. oscula tum was the most abundant among the fish from Nemuro Strait. The infection variations seemed to be due to differences in host growth rate, host feeding habit, and the distribution of marine mammal final hosts. The results indicate that these two larval nematodes are useful biological indicators for the population study of walleye pollock in Japanese waters.
INTRODUCTION
Walleye pollock Theragra chalcogramma is one of the most abundant and commercially exploited fish species around northern Japan, where it occurs at bottom or midwater depths above the continental shelf and slope.
I ,2 Because walleye pollock is distributed broadly in the North Pacific, understanding the distinctiveness between populations is important for the successful management of walleye pollock fisheries. 3 Walleye pollock in Japanese waters is generally divided into several stocks (Sea of Japan, Pacific coast, Sea of Okhotsk and Nemuro Strait), based on tagging surveys, morphometries and meristies.1.4-7 However, the distribution of walleye pollock changes annually in relation to environmental factors;2 therefore, more detailed information on the populations that form these stocks and on their migration routes has become increasingly important. Many different methods should be used to increase the efficiency and accuracy of fish population studies, and parasitological analyses of marine fishes can provide useful information on the ecology of a host species. 8 -12 The advantage of such a method is that it is inexpensive and does not require the recapturing of the same individuals, unlike conventional artificial tagging. 13 The basie principle of the method is based on the fact that the infection rate of parasites varies among their host populations depending on feeding habits, migration routes or growth rates.
Several attempts have been made to define stocks and determine the migration routes of walleye pollock in Canadian and Russian waters using parasites.3.14.1S Larval anisakid nematodes, such as the whaleworm Anisakis simplex (Rudolphi, 1809) and Contracaecum osculatwn (Rudolphi, 1802), are transported by crustaceans to fishes and squids as paratenic hosts and finally ingested by marine mammal definitive hostS. [16] [17] [18] [19] Their third-stage larvae commonly occur in the viscera of walleye pollock. 20 -24 Because the feeding habits of walleye pollock vary geographically in Japanese waters,2S-27 differences in the abundance of anisakid larvae in walleye pollock can be used to define the stocks or their feeding locations. Previous ecologic surveys of anisakid nematodes from walleye pollock in Japanese waters have shown a broad variation of infection among sampling sites.20.21.28 However, the walleye pollock examined in these studies were collected throughout the year including summer, when various walleye pollock stocks sometimes mix at feeding grounds. 7 Thus, these data can not be used to compare stocks. In addition, ecologic surveys of anisakid larvae in walleye pollock have not been carried out for more than two decades.
The aim of the present study was to elucidate the geographic variation in the prevalence and abundance of A. simplex and C. osculatum larvae in different walleye pollock stocks off Hokkaido, Japan in winter when the stocks separate into their respective spawning areas.
MATERIALS AND METHODS

Sampling
Walleye pollock were collected at five sites (Reb un Island, Kumaishi, Shikabe, Nemuro Strait, and eastern Hokkaido) off Hokkaido, Japan from December 1999 to February 2000 (Fig. 1) . The collection comprised walleye pollock from three stocks: (i) Sea of Japan (Rebun Island and Kumaishi); (ii) Pacific coast (Shikabe and eastern Hokkaido); and (iii) Nemuro Strait. Fish from off Rebun Island, Kumaishi, Shikabe and in Nemuro Strait were collected from commercial catches, and fish from off eastern Hokkaido were collected by the Hokkaido National Fisheries Research Institute (HNFRI) using bottom or midwater trawls ( Table 1) .
Treatment of samples
The fish samples were either frozen immediately after collection, brought to the laboratory and then thawed at room temperature for later examination, or dissected within 24 h after collection. The fish were sexed and measured to the nearest millimeter from the tip of the snout to the fork of the caudal fin, and otoliths from each specimen were removed for age determination. The otoliths were examined by the HNFRI, the Hokkaido Fisheries Experimental Station (FHES), or by KK to assess each specimen's age using the break and burn method. 29 The fish were then divided into both 1-year age classes and 25-mm length classes. Fish smaller than 300 mm were not included in the analyses. Anisakis simplex (L3), which had been 2 ), prevalence and abundance were analysed for both host length classes and age classes. Walleye pollock from each sampling site had different length distributions, probably due to the differences in fishing gears; therefore, statistical tests were conducted on data from three length classes (400-424 mm, 42S-449 mm, 4S0-4 7 4 mm) and from fish aged 4-7 years.
As the frequency distributions of abundance data were positively skewed, these data were loglO(x+ 1) transformed to bring the data closer to normal distributions for parametric analyses. 34 Because of the fact that there are differences in the infection of anisakid larvae between male and female fish,22,35 the abundance of the two larval nematodes in males and female hosts were compared in the 400-424 mm length class and in the age 4 class using Student's t-test. To compare the abundances among sampling stations for the same length classes and age classes, a one-way ANOVA 550 __ Rebun Is.
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AnisaTcis simplex larvae in walleye pollock
The prevalence of A. simplex was high (> 80%) in all host length classes at all sampling sites, except off Kumaishi in the 400-424-mm length class ( Table  2 ). The abundance of A. simplex differed significantly among sampling sites (F= 7.79 , dJ.=4, P= 0.0001), and the fish from Kumaishi were significantly less abundant than those from the other four sites in the 400-424-mm length class (Table 2) . However, no significant difference in abundance was found among sampling sites in the 42S-449-mm length class (F= 1.791, dJ. =4, P=0.1324). The abundance of A. simplex in the 4S0-4740-mm length class differed significantly among sampling sites (F= S.S4, dJ. =3, P = 0.01), and the fish from off eastern Hokkaido were significantly less abundant than those from off Rebun Island, Shikabe and Nemuro Strait (Table 2) . Abundance in fish from off Kumaishi was lowest for all host age classes (Fig. 3) .
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..... Nemuro Strait (-r=1.00, P=0.05; -r=1.00, P=O.Ol; -r =0.93, P=O.Ol, respectively) (Fig. 3) .
ContracaeCllm osclliatum larvae in walleye pollock
Contracaecum osculatum was generally less abundant than A. simplex in walleye pollock (Tables 2,3 ).
The prevalence of C. osculatum larvae in fish from Nemuro Strait was higher in all length classes compared with those from other sites, and that in fish from the Pacific coast (off Shikabe and eastern Hokkaido) was generally higher in all length classes compared with that in the Sea of Japan (off Rebun Island and Kumaishi) ( Table 3 ). The abundance of C. osculatum larvae differed significantly among sampling sites in all host length classes (400-424 mm, 425-449 mm, and 450-474mm) (F=8.90, dJ.=4, P=O.OOl; F=17.90, dJ.=4, P=O.OOl; F=16.49, dJ.=3, P=O.OOl, respectively), and that at Nemuro Strait was significantly higher than those at other sites (Table 3 ). In addition, the prevalences in fish from the Pacific coast of Hokkaido (off Shikabe and eastern Hokkaido) were generally higher than those in fish from the Sea ofJapan coast of Hokkaido (offRebun Island and Kumaishi) ( Table 3 ). In hosts aged between 4 and 7 years, the abundance of C. osculatum larvae differed significantly among sampling sites (F=50.38, dJ.=3, P=O.OOl), and that in Nemuro Strait was significantly higher than those in other sites ( Fig. 4 ; Table 4 ).
The mean abundance of C. osculatum larvae was correlated significantly with host size off - (Fig.4) .
----------------------
DISCUSSION
Geographical distribution of Anisalcis simplex in walleye pollock
Infection levels by Anisakis simplex varied widely both between walleye pollock stocks and within the Sea of Japan stock, although previous stock studies have insisted that walleye pollock in the Sea of Japan off Hokkaido form a single stock.
,3G
Previous studies on 25 Walleye pollock off the Pacific coast of Hokkaido feed on many prey items according to their development stage; that is, small walleye pollock in this area feed mainly on euphausiids, copepods and amphipods, whereas larger walleye pollock are more piscivorous and feed on larger prey (e.g. micronektonic fishes and small walleye pollock), in addition to the aforementioned crustaceans. 25 . 26 . 45 In the Sea of Japan off northern Hokkaido, walleye pollock feed mainly on euphausiids,25 whereas in the Sea of Japan off southern Hokkaido coast, they feed mainly on amphipods, chaetognaths and euphausiids. 27 Thus, a high consumption of euphausiids by walleye pollock is an important factor causing the high infection rates of A. simplex.
Geographical variation in infection by A. simplex within the Sea of Japan off Hokkaido (off Rebun and Kumaishi) seems to be related to the difference in the growth rate of walleye pollock. Kooka has reported that walleye pollock in the Sea of Japan off southern Hokkaido have a low growth rate;33 hence, the low infection rate in the host from Kumaishi may be associated with the lower feeding rates in this area.
Infection in larger walleye pollock (450-474 mm) from eastern Hokkaido was also low, and this is presumably caused not by a low feeding rate, but by small-scale variations in the migration and spawning area within the Pacific stock. The Pacific stock has a large spawning ground near Shikabe, and most of the mature walleye pollock from the Pacific coast of Hokkaido migrate to that spawning ground in winter. 46 However, some walleye pollock spawn along the coast of eastern Hokkaido. 46 Most walleye pollock in the 450-474 mm length class have reached the size of sexual maturity; I hence, the difference in nematode abundance in larger walleye pollock between Shikabe and eastern Hokkaido was probably more distinct in larger fish than in smaller fish, suggesting that walleye pollock from Shikabe have different feeding grounds as well as spawning areas from fish from eastern Hokkaido, which could be the cause of the different infection levels of walleye pollock between these localities.
The distribution of the definitive hosts of A. simplex may also influence the infection in walleye pollock. Anisalcis simplex matures and releases eggs into seawater when it occurs in its definitive host. 17 ,47 Thus, the distribution of its definitive hosts will largely determine the area where A. simplex larvae occur. The major definitive hosts of A. simplex are cetaceans,48 and minke whale Balaenoptera acutorostrata is one of the major definitive host species in the north-west North Pacific. 49 Northern North Pacific minke whales occur mainly off the coast ' of northern Japan in summer,50 including the areas studied in the present report. However, A. simplex appears to exhibit little host specificity,48,51 so how other cetacean species affect the infection by A. simplex in walleye pollock remains unknown.
The abundance of A. simplex in walleye pollock increased significantly with both length and age of female hosts. A similar increase in the abundance of A. simplex in relation to host size has been reported in rockfish Sebastes capensisS 2 and in Atlantic cod Gadus morhua. 35 As A. simplex larvae seem to live at least 2 or 3 years in host fish,53.54 older fish are usually more heavily infected by larvae than younger ones. Higher consumption rates by older (larger) fish also increase the chance for infection by A. simplex. In contrast, the abundance of larvae was not correlated with the age of male walleye pollock. Hemmingsen eta!. have suggested that differences in infection of anisakid larvae between male and female Atlantic cod were caused by differences in their feeding habits. 35 However, such differences have not yet been reported in walleye pollock.
The results of the present study show that A. simplex can be used as a biological indicator of walleye pollock. Abundances of A. simplex can be used to divide some previously defined walleye pollock stocks, and used to divide the Sea of Japan and Pacific stocks into at least two respective substocks. These substocks probably have different feeding areas and migration routes.
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Geographical distribution of Contracaecwn osculatum in walleye pollock
Infection by C. osculatum differed among walleye pollock stocks, and the highest infection by C. osculatum larvae was seen in the hosts from Nemuro Strait for all length and age classes.
Contracaecum osculatum matures in the stomachs of pinniped definitive hosts and releases eggs into seawater with the pinniped feces. 55 Hatched larvae are then ingested by crustaceans and passed on to fishes, and finally transmitted to their definitive hosts.1 8 Larval C. osculatum occur in euphausiids 56 and copepods.
IB Although euphausiids and copepods are both preyed upon by walleye pollock from all the sites studied,25-27.4S the present study's results showed heavy infection occurred only in walleye pollock from Nemuro Strait. Boily and Marcogliese have stated that the distribution of definitive hosts could strongly reflect the occurrence of C. osculatum. 57 In Japanese waters, the definitive hosts of C. osculatum include Steller sea lions Ewnetopias jubatus, northern fur seals Callorhinus ursinus, spotted seals Phoca largha, and ribbon seals P. !asciata. 58 All are abundant in Japanese waters, but in species other than ribbon seals, few larvae mature to adulthood 59 (Takahashi c., pers. comm., 1999). Ribbon seal occurs only in the Sea of Okhotsk, 60 where it is commonly infected by C. osculatum. 61 Thus, the distribution of ribbon seal presumably affects the infection of C. osculatum in walleye pollock. As noted earlier, the Nemuro Strait walleye pollock stock feed in the Sea of Okhotsk, therefore the infection of the fish in this stock probably occurred in the Sea of Okhotsk. The abundance of C. osculatum was correlated significantly with walleye pollock length, but not with the host age for all stocks except the Nemuro Strait stock. This suggests that the abundance of C. osculatum in walleye pollock was affected only by the amount of prey consumed by fish because parasites with a shorter life span in the host will not reflect long-time fluctuations of abundance. Walleye pollock in Nemuro Strait feed mainly on euphausiids irrespective of their length; therefore, the higher consumption rates by larger fish increase the chance for infection by C. osculatum in Nemuro Strait. the study's results indicate that infection by C. osculatum can be used to divide previously defined walleye pollock stocks, although within-stock variation was not found. The Nemuro Strait stock was characterized distinctly by the high abundance of C. osculatum. Thus, the present study showed different infection patterns between A. simplex and C. oscula tum from some walleye pollock stocks around Hokkaido, indicating that the two larval nematodes are both useful biological indicators for population studies of walleye pollock in Japanese waters.
